Study design: The bone mineral density (BMD) in 22 male subjects with complete lesion paraplegia sustained 1.8 to 27 years previously was measured. The measurements were used in screening each subject for a research programme investigating the restoration of standing using functional electrical stimulation (FES). Objectives: To assess the extent of bone loss in this group of subjects and correlation to age, time post-injury and level of lesion. Setting: District General Hospital in the UK. Methods: BMD was measured by dual energy X-ray absorptiometry (DEXA) in the lumbar spine and femoral neck and expressed as an indirect index to an age matched`normal' population. Fracture risk was described from this score using published data indicating that the risk increased with each standard deviation dierence from the`normal' mean. Results: The bone density in the lumbar spine was better preserved than in the femoral neck. BMD in the lumbar spine was found to be greater than the mean from the age matched population in 57.1% of subjects. Bone loss at the femoral neck suggested that 81.8% of the subjects were at increased risk of fracture, but only 22.7% were at a high risk. No correlation was found between BMD at the lumbar spine or the femoral neck and age, lesion level or time post-injury. Conclusion: The study indicates that further investigation into baseline BMD values for the SCI population is required to improve information provided to patients and assessment of fracture risk on an individual basis.
Introduction
It is well known that immobilisation leads to a reduction in bone mineral density (BMD), that can lead to an increased risk of fracture. 1 Spinal cord injury (SCI) is no exception. In the ®rst months following SCI, there is a rapd loss of BMD in sublesion bones. 2, 3 Though BMD reaches a new steadystate level at approximately 2 years, these levels are below normal values; pelvis 55% ± 60%, 3 femoral neck 60% ± 70% and proximal tibia 40% ± 50% 4 of normal. It is recognised that collecting normal values for BMD in SCI subjects would be helpful to estimate the individual fracture risk and to decide on the necessity to treat any bone loss. 5 
Study design
The BMD in 22 male Caucasian subjects who had suered a traumatic complete SCI was measured. Measurement of BMD was used in screening subjects for a research programme investigating the restoration of standing using functional electrical stimulation (FES). 6 Subjects were aged between 21 to 54 years (mean 36.4, standard deviation 10.0), with thoracic lesion levels between T3 to T12. In all subjects it was postulated that the BMD was in equilibrium, with times post-injury being from 1.8 to 27 years (mean 7.6, standard deviation 6.8) . No subjects demonstrated excessive spasticity and all had good range of movement around the hips. None showed any clinical signs of heterotropic ossi®cation or were known to be suering from any metabolic disease that may have in¯uenced calcium metabolism.
BMD of the left femoral neck and the lumbar spine (L1-L4) was measured using dual energy X-ray absorptiometry (DEXA) at two centres. Both centres used a Hologic (Vertec Scienti®c Ltd., 5 Comet House, Calleva Park, Aldermaston, Reading RG7 8JA, UK) scanner ± one using the QDR-1000 on nine of the 22 subjects, and the other using the QDR-2000 on the remaining 13 subjects. Each scanner is serviced every 6 months and daily quality checks are conducted to ensure that errors in the measurement of bone mineral content and geometry are less than 1%. Precision values for both QDR systems are 1.2% for the spine and 1.5% for the femoral neck.
Bone integrity was assessed using an indirect index, the Z-score, calculated from the absolute BMD. This index expresses the deviation of the BMD from the mean of an age matched`normal' population in terms of standard deviations. Large negative scores are indicative of a low BMD, and this has been shown to be associated with an increased risk of fracture. Results from studies suggest that for a 2 standard deviation dierence in bone mass there is a 2 ± 4-fold increase in fracture risk at non-spine sites 7 and a 4 ± 6-fold increase at vertebral sites. 8 Though it is recognised that these are predominantly from postmenopausal women, we have used the above to describe benchmarks of fracture risk since very few studies have been conducted either on men or on paraplegics. In discussing our results, we use Z571 to indicate bone that may be at an increased risk of fracture and Z572 that at a high risk of fracture.
Results
Of the 22 subjects, the BMD at the femoral necks in 21 (95.5%) subjects were below the normal mean (Z50). The Z-score suggested that eighteen (81.8%) of the subjects were at increased risk of fracture (Z571), but only ®ve (22.7%) were at a high risk (Z572) ( Figure  1 ). The DEXA images did not show any evidence of heterotropic ossi®cation at the hip. There was found to be no strong correlation between the Z-score and age (correlation coecient, r=70.01), lesion level (r=+0.59) and time post-injury (r=70.14).
For the lumbar spine, the BMD was measured in 21 subjects. However, because of internal ®xation in ®ve subjects, the data for L1-L4 is only shown in sixteen subjects (Figure 2 ). Only one (4.8%) subject was shown to be at risk of fracture (Z571), and twelve (57.1%) had BMD above the normal mean (Z40). Again there was found to be no strong correlation between the Z-score and age (r=+0.12), lesion level (r=+0.29) and time post-injury (r=+0.45).
Discussion
The BMD in the lumbar spine was better preserved than in the femoral neck, in agreement with other studies.
4,9 ± 11 This is not surprising, considering the weight bearing role and impact through the lumbar spine during wheelchair transfers in this group of subjects. The measurements from the femoral neck also supported the results from other studies, that the BMD following SCI is less than normal values.
4,10 ± 12
However, our results suggested that bone loss is less than what is generally perceived by therapists and the SCI population and raises some issues. The ®nding that BMD loss is not correlated with time post-injury is not in agreement with another study with paraplegics. 13 This may be explained that their patients were at the more acute stage (mean 9.5 months, range 2 ± 30 months) perhaps before bone loss had reached a steady state. Lack of correlation to age and level of injury was in agreement between both studies. The authors recognise that DEXA images cannot be used in diagnosis, but we believe that heterotropic ossi®cation has been ruled out from examination of these images and from clinical assessment. It may be argued that this group of subjects is not representative of the general SCI population, because each one had volunteered to participate on a research programme to investigate standing by electrical stimulation. It is true to say that all had completed a rehabilitation programme following their injury and, during their rehabilitation, all had tried weight-bearing exercises, by standing passively and/or using calipers. However, there was no evidence to suggest that their use of these exercises either during rehabilitation or post-discharge was dierent to the general SCI population. Another possible factor may have been the time post-injury, taking into account the changes in rehabilitation management over the last 10 or so years, encouraging early mobilisation of SCI persons. Our result examining the correlation between the time postinjury and the BMD suggests that this is not the case.
It is known that fractures of the lower extremities from minor trauma are more prevalent in the SCI than in the non-SCI population, 2% compared to 1% per year.
14 However, these fractures may be as related to activities of the patients, as much as to the quality of the bone. This is borne out in clinical practice at Salisbury District Hospital, where the fractures seen tend to be from patients with X-rays that suggest the presence of good quality bone, but they lead a more aggressive lifestyle and thus sustain the injury. Despite this, SCI patients are still encouraged by therapists to stand passively to minimise the development of osteoporosis of the long bones and reduce the risk of fracture. 15 Though standing is recognised to be important for other reasons, the evidence to support the above claim is inconclusive. 11, 16 It is recognised that this study is based on a small number of subjects, but we believe the results indicate that a systematic approach is required to address these issues, though we acknowledge that assessing fracture risk solely from BMD measurements is only part of this. First, routine measurements of BMD, something as far as we are aware that is not done in spinal units, are required to establish a new baseline for this group of subjects. Secondly, an audit of fracture incidences in the SCI population and identifying speci®c traumas, such as falls from chairs. Thirdly, to conduct serial measurements from paraplegics, following them over many years. This can then be used to improve both the information provided to patients and assess the fracture risk for each subject, based on data applicable to this population, taking into account individual lifestyle and activities.
Conclusion
Further investigation into baseline BMD values for the SCI population is required to improve information provided to patients on rehabilitation modalities.
